Biological Opinion on Remand

6.0 EFFECTS OF THE PROPOSED ACTION
6.1 INTRODUCTION AND METHODS

Effects of the action are defined as “the direct and indirect effects of an action on the species or
critical habitat, together with the effects of other activities that are interrelated or interdependent
with the action, that will be added to the environmental baseline” (50 CFR § 402.02). When
project operations directly or immediately injure or kill fish or damage habitat at or near the
project site, those are considered direct effects of the project. Indirect effects are defined in

50 CFR § 402.02 as “those that are caused by the proposed action and are later in time, but still
are reasonably certain to occur.” They include the effects on listed species of future activities that
are induced by the proposed action and that occur after the action is completed. “Interrelated
actions are those that are part of a larger action and depend on the larger action for their
justification. Interdependent actions are those that have no independent utility apart from the
action under consideration” (50 CFR § 402.02).

The approach to evaluating effects of the proposed action is summarized in Section 1.2 and
detailed in Appendix D. The approach involved approximating the effect of the proposed hydro
action as the difference between the effects of the proposed action and the “reference operation,”
a surrogate for the hydro portion of the environmental baseline that was described in Section 5.0.
Then NOAA Fisheries quantitatively evaluated the effects of actions proposed to reduce or
minimize those effects or to mitigate for them through non-hydro actions designed to improve
habitat conditions and survival. Finally, NOAA Fisheries qualitatively evaluated the net
combined effects of FCRPS operations and non-hydro improvements.

NOAA Fisheries then conducted two related analyses, one to inform the jeopardy determination
and one to inform the critical habitat determination.

For the jeopardy analysis, as discussed in Section 1.0, NOAA Fisheries first determines whether
the proposed action is likely to reduce the abundance, productivity, or distribution of a listed
ESU. This analysis is conducted using both an evaluation of survival changes and, where
survival data are lacking, a habitat proxy approach, as described in Section 6.1.1. If, in the
jeopardy analysis, NOAA Fisheries determines that the proposed action is likely to reduce the
abundance, productivity, or distribution of a listed ESU, then NOAA Fisheries must determine if
that reduction constitutes an “appreciable reduction in the likelihood of both survival and
recovery” and therefore is likely to jeopardize the continued existence of the ESU.

For the critical habitat analysis, NOAA Fisheries applied two alternative analyses. The first
alternative, the “Environmental Baseline Approach,” evaluates the effect of the proposed action
on component areas of designated critical habitat and, in particular, on the essential features of
that critical habitat comparing the conditions of the habitat with and without the proposed action.
If NOAA Fisheries finds any alteration from the environmental baseline caused by the proposed
action, it then determines whether the proposed action adversely modifies any of those essential
features.
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The second alternative analysis, the “Listing Conditions Approach,” compares the conditions of
the essential features of critical habitat that would exist under the proposed action and those
conditions existing at the time the species were listed. If the proposed action would negatively
alter those conditions from what they were at the time of listing, NOAA Fisheries would then
determine whether that alteration is an adverse modification of critical habitat.

For this consultation, the effects of the proposed action on each ESU and on critical habitat are
discussed in Section 6.0, while Section 8.0 presents NOAA Fisheries’ determinations on whether
the ESU effects constitute an appreciable reduction in the likelihood of both survival and
recovery and the habitat adverse effects constitute destruction or adverse modification of critical
habitat.

6.1.1  Methods for Evaluating Proposed Hydropower Operations and
Configuration Changes

The effects of proposed FCRPS operations and configuration changes are first evaluated as
differences in habitat conditions between the proposed operation and the “reference operation”
described in Section 5.0 as a proxy for determining whether the proposed annual hydro operation
results in less survival of listed fish. Habitat conditions that support a sufficient number and
distribution of viable populations (i.e., populations with adequate abundance, productivity,
spatial structure, and diversity) serve as a valuable proxy for a quantitative survival analysis.
There is a strong causal link between habitat modification and the response of salmonid
populations. Any differences in habitat condition (positive or negative) relative to the “reference
operation” represents the effects of the proposed action. This evaluation of habitat effects
supports the jeopardy analysis for all ESUs. Additionally, evaluation of the change in essential
elements of critical habitat, as described in Sections 1.0 and 5.0, support the analysis of adverse
modification of critical habitat for the three Snake River ESUs with designated critical habitat.

One or more populations of 11 of the 13 ESUs travel through one or more mainstem Snake and
Columbia river FCRPS hydropower projects during their juvenile and adult migrations. For all of
these ESUs, NOAA Fisheries is able to estimate the juvenile and adult survival rates' associated
with the Action Agencies’ proposed FCRPS operations and system configuration changes at each
or a series of these projects, using the same “survival approach” applied in the analysis of the
reference operation (see Appendix D). For several ESUs where empirical data are sparse or
lacking, these survival estimates are inferred from data available for similar species (e.g., Snake
River sockeye survival rates are inferred from SR spring/summer chinook and SR steelhead).
This survival rate correlates to the aggregate of most of the known habitat effects occurring
within the same reach, so this analysis provides an alternate evaluation to that performed using
the habitat proxy approach.

NOAA Fisheries approximates the effect of proposed annual near-term (2004-2009),
intermediate-term (2010-2013) and long-term (2014) hydro operations on fish survival during
their migration through the FCRPS by determining the relative difference in the survival rates

! “Survival” estimates referred to in Section 6.0 are quantitative measurements of the number of fish surviving
passage past a project (reservoir and dam). Juvenile survival estimates at the dam can be specific to a route such as
turbine, juvenile bypass system, or spillway.
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between each of the near-term, intermediate-term, and long-term proposed hydro operation and
system configuration and the “reference operation” described in Section 5.0.

One reviewer of the September 9, 2004 draft of this Opinion suggested the effects of the
proposed action and reference operation should be evaluated using absolute numbers of juvenile
fish and that a pre-dam and post-dam survival analysis should be conducted. In general, NOAA
Fisheries does not agree with using absolute numbers of juvenile fish in the analysis because
solid data on the actual number of juvenile fish migrating each year, particularly between listed
species, is unavailable, and determining a relative survival difference between two operations
and system configuration changes is a better analytical approach because it can be compared
with a relative survival change in any other life stage. However, as described in Section
5.2.2.3.1, estimates of in-river survivors are displayed in this Opinion for SR fall chinook
salmon. This is because there is great uncertainty in estimating transport survival rates for this
ESU and, without that information, weighting the influence of the in-river survival rate on the
ESU is problematic. The number of in-river survivors and the difference in in-river survivors
between the reference and proposed operations is informative because it may be possible to
evaluate the effects on abundance of offsetting actions immediately downstream of the hydro
system that affect the same life stage of SR fall chinook.

Concerning the comment about survival comparisons between pre-dam and post-dam survival
rates through the FCRPS, free-flowing river (or pre-dam, historical) survival rates are presented
for each listed species in Section 5.2.2.3.1.2 and can be compared to the current estimated
survival rates (post-dam) identified in Table 6.5 in this section for the proposed action. As
described in Section 5.2.2.3.1.2, information about free-flowing survival extrapolates selected
information through a portion of the Snake River that does not have dams and assumes that, if no
dams existed in the Columbia and Snake rivers, this rate of survival would continue throughout
both rivers. It provides an estimate of in-river survival of fish without operations and without
dams and other factors that affect these species during migration. This additional point of
reference is informative for judging the significance of the mortality associated with the
reference operation and the reduced levels of survival, compared to the reference operation,
under the proposed action.

Where juvenile fish are transported in barges or trucks around FCRPS projects, NOAA
Fisheries’ estimates of their survival rates include the observed rate of survival to the point of
release back to the river below Bonneville Dam. It also includes the effects of passage through
the FCRPS beyond those effects experienced by non-transported juveniles that are delayed and
therefore not expressed until after the fish are released downstream of Bonneville Dam (referred
to elsewhere as the “D” value). Survival rates were estimated both as absolute differences
between the proposed and reference operations and as relative (i.e., proportional) difference.
Proportional survival differences were of primary interest, because these are most relevant for
comparing with off-site measures that affect survival rates in other life stages (see the example in
Section 6.1.3).

For purposes of the jeopardy analysis, the combination of survival and habitat effects is

summarized as a categorical qualitative impact (e.g., Very Low, Low, Medium, High) on one or
more VSP characteristics, according to criteria discussed in Appendix A. For purposes of the
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adverse modification analysis, the habitat effects are summarized and expressed as changes to
the essential features of designated critical habitat.

Finally, reviewers of the draft version of this Opinion expressed concern about the detrimental
effects on juvenile and adult migrants due to accidental releases of turbine lubricants,
transformer oils and other hazardous substances at mainstem hydroelectric projects. NOAA
Fisheries has become aware that Federally mandated plans for spill prevention, containment, and
mitigation exist at each of the FCRPS projects, and the Action Agencies have agreed to make
these plans available to NOAA Fisheries’ Hydro Division.

6.1.2 Methods for Evaluating Proposed Non-hydro Actions

Methods for evaluating the effects of non-hydro tributary and estuary habitat improvements,
reduction of avian predation, and effects of monitoring are detailed in Appendix E. Briefly, staff
compared current population status (abundance [number of fish or redds] and productivity
[survival rate through one or more life stages, e.g., recruits per spawner]) against estimates of
historical population status as an indication of the capacity of the population to increase. Then,
using available assessments of historical and current tributary habitat conditions, staff evaluated
whether tributary habitat processes within the geographic area currently occupied by the
population had been degraded or impaired. Based on assessments of tributary habitat, staff then
identified those tributary habitat factors which, as a result of degradation or impairment, were
considered most likely limiting to the anadromous salmonid population’s abundance,
productivity, distribution, or diversity. Finally, the first three steps were integrated to derive an
estimate of the capacity of the population to respond to improvements in habitat condition. As a
first cut, NOAA Fisheries ascribed qualitative rankings (Very High, High, Medium, Low, and
Very Low) to population and habitat parameters, based on the magnitude of the observed or
potential difference (see Table 6.1).

Table 6.1. Qualitative Categories for Potential Improvements in VSP Characteristics

Ranking Description

Little or no potential for improvement; very high risk that these activities would not result in any

Very Low beneficial effects.

Small potential for improvement, possibly on the order of a percentage or two relative change in
“Low” survival rate or abundance (i.e., possibly up to 1.01-1.02 times the current survival rate or
abundance level).

Significant potential for improvement in population status, perhaps as high as a 24%
“Medium” improvement in survival rate or abundance (i.e., up to 1.24 times current survival rate or
abundance level).

Potential for improvement is high, possibly resulting in a doubling of survival rate or abundance

“Hi h’? R X R
g (i.e., up to 2 times current survival rate or abundance level).

Potential for improvement is very high, possibly resulting in more than a doubling of the current

Very High survival rate or abundance level.

In order to evaluate the effect of the Action Agencies’ proposed non-hydro program, NOAA
Fisheries considered the requisite resources and authorities of the Action Agencies to evaluate
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whether the measures could be efficiently implemented or whether a proposed metric goal was
likely to be met in a timely fashion. In addition, NOAA Fisheries examined the likelihood that
implemented actions or obtained metric goals would effectively improve the viability of
salmonid populations within the action area.

NOAA Fisheries evaluated the likely biological effectiveness of the Action Agencies’ tributary
habitat enhancement actions (identified in the proposed action either by project or proposed
performance measures) in relation to factors identified as limiting listed salmonids within those
subbasins. NOAA Fisheries also considered the effect of tributary actions implemented by the
Action Agencies within the action area since 2000 when reviewing the degree to which the
proposed action addressed the limiting factors identified in Appendix E and Fresh et al. 2004, the
alternative analyses provided by the Action Agencies in their Updated Proposed Action, and
other information, such as the Northwest Power and Conservation Council's subbasin plans. In
evaluating short- and long-term benefits, NOAA Fisheries considered whether the action was
already being implemented or was initially proposed in the Updated Proposed Action, and any
anticipated lag between project completion and environmental response.

NOAA Fisheries also characterized the probable temporal lag between project implementation
and biological benefit, depending on whether the action provided immediate benefits (e.g.,
entrainment) or benefits over a longer term (e.g., riparian revegetation). After considering the
Action Agencies’ commitment to implement non-hydro actions and the potential benefit of those
actions to the magnitude and scope of significant limiting factors, NOAA Fisheries made
qualitative conclusions on the likely benefit of the proposed actions on the viability of targeted
populations.

The potential for artificial propagation to mitigate for FCRPS operations is discussed in
Appendix F. The Action Agencies have proposed to continue funding safety-net projects for a
number of ESUs “...as long as they are determined by NOAA Fisheries to be effective in
reducing the short-term risk of extinction.” NOAA Fisheries has determined that the safety-net
programs proposed for funding by the Action Agencies continue to be effective as described.

6.1.3 Methods for Determining Net Effects of FCRPS and Non-hydro Actions

Some elements of the proposed action (e.g., FCRPS operations) would be more likely than the
reference operation to result in reduced numbers, reproduction, or distribution of listed species or
alter essential features of critical habitat, while other elements (e.g., off-site actions) would likely
show better results. It is necessary to determine the net effects of these adverse and beneficial
effects for each listed ESU. Professional judgment is required to determine the net effect,
because it is not possible to evaluate the effects of all activities quantitatively or in identical units
(e.g., quantitative survival estimates for the effects of hydro operations for some ESUs must be
compared with qualitative changes in habitat condition for off-site actions). Not all actions will
occur over identical time periods, so the timing of effects must also be considered.
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6.1.3.1 Net Effects Methods for Jeopardy Analysis

6.1.3.1.1 Proportional Changes. For the jeopardy analysis, the underlying assumption in the net
effects determination is that a relative (i.e., proportional) change in a factor relevant to VSP
characteristics in one life stage can be offset by a comparable proportional change in another life
stage.

This can be demonstrated quantitatively for survival rates, as shown in Tables 6.2a and 6.2b,
since cumulative survival through successive life stages is multiplicative. NOAA Fisheries also
assumes that it can be applied to qualitative assessments of the benefits of habitat modifications
affecting different life stages.

Table 6.2a. Hypothetical example: comparing proportional changes in different life stages.

Absolute Change Proportional or
in survival Relative Change Comments
Survival gap due 45% - 50% = - 10% | An absolute change of -5% in the FCRPS
to FCRPS 45% - 50% = -5% 50% corresponds to a relative change of - 10%
operation:
A 0.33% change in absolute survival
sﬁ;‘,f,}f::g‘;‘ji;’fg 333.3%— +10% | upstream of the FCRPS (from 3% to 3.33%)
FCRPS to “fill | -2 ~37=1033% | "o, corresponds to a +10% relative change that
the gap” ’ could be used to offset the reduction in
survival.

Table 6.2b. The multiplicative effect of salmonid survival through different life stages.

# eggs X egg-smolt survival x | survival in FCRPS = | # smolts exiting FCRPS
5000 0.03 0.50 75
5000 0.03 0.45 67
5000 0.0333 0.45 75

Effects of most proposed FCRPS operations can be described as expected changes in juvenile
and adult survival rates, and these expected changes can be expressed as relative (i.e.,
proportional) changes in survival rates. To illustrate, if smolt survival under the reference
operation is 50% and smolt survival under the proposed action is 45%, the absolute change is -
5%, but the proportional change is -10% ([proposed - reference] + reference). To mathematically
balance the 10% proportional reduction in smolt survival through the FCRPS, off-site actions
would have to result in the equivalent of a 10% proportional survival increase in another life
stage. That is, the current survival rate in another life stage would have to increase by a
multiplier of 1.10 to balance. If NOAA Fisheries could quantify the egg-to-smolt survival rate in
relevant tributaries, and if the baseline survival rate were 3%, proposed off-site actions would
have to increase the egg-to-smolt survival rate to at least 3.3% for the combination of both
actions to result in no net effect (0.03 x 1.10 = 0.033).
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Multiplying the number of eggs by the survival rates in the different life stages provides the
number of surviving smolts. This is shown in Table 6.2b.

6.1.3.1.2 Timing of Effects. Timing of effects is also an important consideration. Mortality
associated with certain proposed FCRPS operations begins immediately and continues for at
least the life of this Opinion. If mortality in all other life stages stays constant, this would result
in a cumulative reduction in spawner abundance over time. For example, a 2% mortality rate
would result in only 98% as many adults returning at the end of the first year; 96% (0.98%0.98) at
the end of the second year; and 89% (0.98°) at the end of six years. This cumulative reduction in
abundance could be offset by an equivalent increase in survival of another life stage if that
improvement also began in the first year. If the offsetting survival improvement was delayed,
either because of a lag in implementation or in realizing benefits to fish (e.g., long-term habitat
restoration projects), the needed survival improvement would have to be greater than the annual
FCRPS mortality to provide an equivalent offset. The longer the delay, the greater the survival
improvement would have to be. Alternatively, additional short-term actions could be
implemented to offset the ongoing hydro mortality.

6.1.3.1.3 Consistency of Qualitative Evaluations of Effects. As described in section 6.1.2 and
in Appendix A, an attempt was made to standardize qualitative characterizations of effects

(i.e., Very Low, Low, Medium, High, or Very High increases or reductions in one or more VSP
characteristics) across activities. NOAA Fisheries addressed this concern by assembling the
qualitative evaluators to compare the procedures and values that each applied and to adjust those
factors between evaluators until consistency had been achieved.

6.1.3.1.4 Population-level Net Effects: Two-Step Approach. For tributary habitat and artificial
propagation programs, NOAA Fisheries first evaluated the net effects of the mitigative action at
the population level, the appropriate scale of impact for important components of the proposed
action. NOAA Fisheries performed this evaluation by applying the following two-step process.
The first step was a “coarse screen” that evaluated whether the qualitative category or rank (Very
Low to Very High) describing the hydropower effect was offset by activities ranked at this level
or higher. For example, a Medium hydropower gap could be mitigated by non-hydro projects
that were ranked Medium (or higher) for offset potential, considering any of the four VSP
attributes. This approach is transparent and can be applied consistently, but gives the impression
of “knife edge” precision in delineating the bounds of each qualitative category (e.g., less than
two versus 2 to 24%). In fact, there is a great deal of uncertainty in estimating non-hydro
potential. Therefore, a second step was also applied. The capacity to mitigate a hydropower
effect was further evaluated by looking more closely at the placement of the benefits of a
specific project within the qualitative range. For example, a 3% hydro effect (ranked as Medium:
2 —24%) might be adequately offset by two habitat actions ranked as having Low (greater than 0
to less than 2%) non-hydro potential. Alternatively, a beneficial action at the Low end of the
Medium category might be judged incorrectly to offset a hydro action producing an effect closer
to the top of the Medium range, even though it passed the coarse screen. This approach considers
the unique attributes of any non-hydro project and acknowledges that the qualitative
characterization of habitat improvement activities, expressed as a change in survival rate, is
unlikely to be accurate to within a few percentage points. This second step requires a more
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detailed explanation for NOAA Fisheries’ determination that the effects of certain activities are
at one end of the qualitative category or another.

The result of the population-level net effects analysis, after considering the potential of all non-
hydro actions to offset proposed FCRPS operations and considering the relative timing of effects,
was a determination that there is likely to be a “net improvement,” “no change,” or a “net
reduction” in the VSP characteristics of each population. If the action was determined likely to
cause a net reduction, the relative magnitude of the reduction was indicated, for use in both the
jeopardy and adverse modification analyses.

6.1.3.1.5 Net Effects for Populations, Major Population Groups, and ESUs. In the 2000
FCRPS Biological Opinion, NOAA Fisheries’ analysis for most ESUs assumed that every
component population needed to achieve a certain level of improvement to meet or exceed the
defined survival and recovery metrics. These needed levels of improvement were set as
performance standards. Since then, the Interior and Willamette/Lower Columbia TRTs have
drafted descriptions of the population structure of each Columbia basin ESU. Populations in
close geographic proximity and with similar genetic characteristics were termed “major
population groups” by the Interior TRT (the W/LC TRT used the term “strata,” which for the
purposes of this analysis, is the same concept). The major population groups for each ESU are
identified in Section 4.0.

NOAA Fisheries determined if, on balance, each major population group experienced no change
or an increase or decrease in VSP criteria, although the net effects for specific populations within
a given major population group could be a mixture of “net improvement,” “no change,” or a “net
reduction” in status of the VSP characteristics. Where such a mixture was difficult to interpret,
NOAA Fisheries weighted the relative contribution of each population within each major
population group by its relative abundance and productivity (currently and historically) and any
unique traits of the population (e.g., the only summer-run population in a major population
group) per Appendix A. If a population was historically small relative to other populations
within the ESU and the population had no especially unique characteristics, it would have less
weight in making a determination for the major population group than would a population that
was a significant source of the ESU’s abundance and/or had unique characteristics (e.g., the only
summer-run population).

Once a determination was reached for each major population group, NOAA Fisheries determined
whether the ESU as a whole experienced no change or an increase or decrease in VSP criteria. If
the net effect of the proposed action was to reduce the VSP characteristics of any major
population group, then NOAA Fisheries determined that the abundance, productivity, or
distribution of the ESU was reduced by the proposed action. The magnitude of any such
reduction was noted. In Section 8.0, NOAA Fisheries determined if this represented an
“appreciable reduction” in the likelihood of both survival and recovery of the ESU in the wild.
The specific major population group(s) affected within an ESU was relevant to this
determination.

Only one major population group exists for four ESUs: UCR spring chinook, UCR steelhead, SR
sockeye, and SR fall chinook. The two UCR ESUs have only three or four populations each, and,
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with so few, a reduction in numbers, reproduction, or distribution of any one population is likely
to represent a reduction for the major population group as a whole. Because there is only one
major population group, the same effect is experienced by the ESU. The case is even more
dramatic with SR sockeye and SR fall chinook, ESUs for which there is only one population, so
the population, the major population group, and the ESU are equivalent.

6.1.3.2 Net Effects Methods for Critical Habitat Determination

As described in sections 6.1.1 and 6.1.2, NOAA Fisheries evaluates the effects of hydro actions
and non-hydro actions on component areas of designated critical habitat and, in particular, on the
essential features of that critical habitat. To determine net effects, positive and negative actions
affecting the same component areas and essential features were compared to determine if, on
balance, there was no change, an alteration, or an enhancement of critical habitat function. For
the first alternative analysis, in most cases, this analysis relied upon habitat information that was
also considered in the jeopardy analysis. For the second alternative analysis, the habitat
conditions resulting from the proposed action were compared with the condition of critical
habitat existing at the time of listing of the particular ESU. If there was a net alteration of habitat
function under either alternative method, NOAA Fisheries determined in Section 8.0 whether
that constituted a destruction or adverse modification of critical habitat.

6.2 REsuLTS CoMMON TO MuLTIPLE ESUs

6.2.1 Effect of Proposed Hydro Operations on Mainstem Habitat Conditions,
Including in the Estuary and Plume

The main differences between the proposed hydro operation and the reference operation are
seasonal differences in flow through the Snake and lower Columbia rivers, differences in spill at
FCRPS mainstem dams, and a change in the John Day reservoir elevation.

6.2.1.1 Flow and Water Quality

Flow influences water velocity and water quantity, the amount of spawning habitat and shallow-
water rearing habitat below Bonneville Dam for some ESUs, as well as the size and physical
characteristics of the near-ocean plume at the mouth of the Columbia River. Because the
proposed action includes operations designed to provide flood control, irrigation, and other
purposes not included in the reference operation, total and seasonal-average flow conditions vary
between the two operating scenarios. Modeled flows under the two operating scenarios at
specified locations are depicted in Figures 6.1 through 6.3. There is essentially no net difference
in seasonal average spring flows in the Snake River between the proposed action and reference
operation, when SR sockeye salmon, SR spring/summer chinook salmon, and SR steelhead are
migrating through the action area (Table 6.3). Compared to the reference operation, the proposed
hydro operation has slightly reduced lower Columbia River flows (-1.5%) during the spring,
when SR sockeye salmon; SR spring/summer chinook salmon; SR,UCR, MCR, LCR, and UWR
steelhead; UCR spring chinook; some populations of LCR chinook; CR chum salmon; and UWR
chinook are migrating through the action area (Table 6.3). CR chum salmon may also be rearing
in the action area during the early part of this period. Because the difference in spring flow is
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minimal, the proposed action is not likely to have more than a minimal effect on the functioning
of either the migration corridor or juvenile rearing habitat during the spring.

Compared to the reference operation, flows resulting from the proposed hydro operation are 20%
lower during the summer, when SR fall chinook, CR chum salmon (chum salmon migrate out in
April peak, as per http://www.nwfsc.noaa.gov/publications/techmemos/tm32/Tables/table9.htm),
and some populations of LCR chinook are migrating through and rearing in the action area.
There is uncertainty in estimates of the associated difference in shallow-water rearing habitat
below Bonneville Dam (including the estuary), but the 20% difference in flow is likely to reduce
the availability of shallow-water rearing habitat during the summer. NOAA Fisheries considered
two preliminary evaluations of the impacts of flow differences between the reference operation
and proposed action on rearing habitat in the estuary. This evaluation focused on a three-month
period in the summer (July- September) when differences between discharges at Bonneville Dam
under the reference and UPA would be greatest. Differences in the discharge regimes could
result in differences in water depth in the upper and lower estuary depending upon the
bathymetry and topography in each area. Differences in water depth could affect the quantity and
distribution of shallow water habitats, which are used by small juvenile salmon as rearing areas.
Rearing areas provide essential features such as cover, shelter, water quantity and space. The
lower summer flows below Bonneville under the UPA compared to the reference operation could
alter the amount or distribution of juvenile salmonid rearing areas. Rearing habitat was defined
by specific, physical metrics: shallow water habitat (SWH) between 0.1 and 2.0 meters depth
(Bottom et al. 2001, USACE 2001).

Table 6.3. Simulated average seasonal flows (and flow ranges) in thousand cubic feet per second (kcfs)
for both the reference and proposed action operations during spring and summer migration periods
relevant to migrating listed juvenile salmon and steelhead for the years 1994 through 2003.

Source: BPA “HYDSIM” model studies 03Biop2004, October 21, 2004 and 03FSHO05D9, August 2004.

Absolute Percent Difference
Proposed Difference (Absolute
Reference Action (Proposed - Difference ~

Reach - Season Operation Operation Reference) Reference)
Snake River — Spring 93.0 93.0 none 0%
(4/3 - 6/20) (47.9 t0 148.1) (54.0 to 145.7) (+6.1t0-2.3) (+12.8 to -1.6%)
Snake River - Summer 45.0 42.1 -2.8 -6.3%
(6/21 - 9/30) (26.9 to 64.8) (26.6 t0 61.6) (-0.3t0-3.2) (-1.0 to -5.0%)
Lower Columbia - 256.9 255.1 -1.8 -0.7%
Spring (4/10 - 6/30) (127.5t0425.0) | (156.4t0401.8) | (28.9t0-23.2) (22.7 to -5.5%)
Lower Columbia - 189.5 151.5 -37.9 -20.0%
Summer (7/1 - 9/30) (166.2t0 114.7) | (114.7t0 197.5) | (-51.5t0 -22.8) (-31.0 t0 -10.3%)
Esfgﬁt‘i“ﬁﬂl’}? “Fall 162.6 173.5 +10.9 +6.7%
4/15) (119.0 to 212.6) | (121.0t0 236.3) | (+1.9to +23.7) (+1.6 to +11.2%)
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Figure 6.1. Mean monthly Snake River discharge (cfs) at Lower Granite Dam under the proposed action
and under the reference operation. Sources: Proposed Action, BPA HYDSIM Model run 03Biop2004,
dated 10-21-04; Reference Operation, BPA HYDSIM Model run 03FSH05D91 dated 8-10-04.

At NOAA Fisheries’ request, Hyde et al. (2004) evaluated the sensitivity of the amount and
distribution of shallow-water habitat in the lower Columbia River (below RM 35) to changes in
discharge at Bonneville Dam during the low-discharge period (July through September). This
study focused on the sensitivity to changes in discharge in the range of 150-190 kcfs, which
brackets the UPA and reference operations. Simulations of circulation patterns observed in the
Columbia River during 1999-2002 constitute the basis for this analysis. In the lower 35 miles of
the Columbia River, changes in operation of the hydropower system that result in discharges in
the range of 150-190 kcfs appeared to have only slight impacts on the total area of shallow-water
habitat available and the hours that shallow water habitat fit the specific depth criteria. Hyde et
al. (2004) suggested that this was because the length of time an area was inundated increased
with flow and as a function of interaction with the tide. The direction and strength of these

impacts varied within the lower estuary.
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Figure 6.2. Mean monthly Columbia River discharge (cfs) at McNary Dam under the proposed action,
and under the reference operation. Sources: Proposed Action, BPA HYDSIM Model run 03Biop2004,
dated 10-21-04; Reference Operation, BPA HYDSIM Model run 03FSH05D91 dated 8-10-04.

Jay et al. (2004) also completed a preliminary evaluation of impacts on fluvial and floodplain
Shallow-Water Habitat Area (SWHA) of proposed changes in the Columbia River flow regime
during July-September for the Skamokawa-Beaver Reach (RM35-RM55). SWHA responded
only weakly over the range of flows in the UPA and reference operations. Maximum differences
over the range of flows bracketed by the two operations are approximately 20,000 to 406,000 m*
(5 to 100 acres) of shallow-water habitat for the present river morphology, which includes
existing diked areas. Although the relationship between flow and SWHA is weak, confidence
intervals suggest it is significant at the 95% level.

There is little information available for the remaining 92 river miles upstream of the
Skamokawa-Beaver Reach to Bonneville Dam. Extrapolation of the SWHA area lost between
the UPA and reference operations in the Skamokawa-Beaver Reach to this upstream reach
results in approximately 700 fewer acres of shallow-water habitat during summer under the
UPA. This is likely to be a conservative estimate, because the effect of flow may be increased as
the river narrows and the extent of undiked shallow-water habitats associated with adjacent
floodplains increase.
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Figure 6.3. Mean monthly Columbia River discharge (cfs) at Bonneville Dam under the proposed action,
and under the reference operation. Sources: Proposed Action, BPA HYDSIM Model run 03Biop2004,
dated 10-21-04; Reference Operation, BPA HYDSIM Model run 03FSH05D91 dated 8-10-04.

Fall and winter flows associated with the proposed hydro operation below Bonneville Dam are
somewhat higher (+7%) compared to the reference operation, which would result in a greater
quantity of spawning and incubating habitat for at least one population of CR chum salmon. It is
unlikely that these somewhat higher flows would have a significant effect on mainstem spawning
of SR fall chinook salmon, which generally takes place in relatively deep water downstream of
some dam tailraces, but, to the extent that there is an effect, it would likely be beneficial.

Some water quality conditions associated with the proposed hydro operation could decline with a
reduction in flows during summer months, compared to the reference operation. Higher
temperatures during the summer months would most likely affect migrating juvenile SR fall
chinook salmon and some populations of rearing CR chum salmon and LCR chinook salmon.
Additionally, warmer summer temperatures may affect migrating adult SR and LCR fall chinook
salmon and winter-run populations of several steelhead ESUs. It is unlikely that other water
quality factors such as total dissolved gas levels would be higher for the proposed hydro
operations relative to the reference operation, since voluntary spill for fish passage should not
exceed total dissolved gas caps based on state water quality standards in either the reference or
proposed operation, and involuntary spill is similar in the two operations.
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6.2.1.1.1 Effects of 19 USBR Projects. Thel9 USBR projects located in the Columbia basin
considered in this consultation (Table 1.1) contribute to flow depletions in the mainstem
Columbia and Snake rivers. In addition to effects attributed to the reference operation , these
projects cause about 2.28 Maf of total flow reductions annually as measured at Bonneville Dam,
the vast majority of which is associated with the USBR’s Columbia Basin Project (~2.16 Maf)
(Appendix D, Attachment 1). The hydrologic effects calculated at the mouth of the tributary for
each individual tributary consultation are assumed to be the hydrologic effects on the mainstem
Columbia River for this consultation. This analysis is based on the assumption consistent with
the UPA, Appendix B, that the mainstem flow effects due to irrigation diversions of the USBR’s
Yakima Project, Okanogan Project, Montana projects” and Dalton Gardens project in the
Spokane area are non-discretionary and thus are not considered an effect of the UPA. Mainstem
flow reductions for irrigation diversions would be the primary hydrologic effect of the continued
operation of the USBR tributary projects as proposed (Appendix D, Attachment 1).

Under an alternative assumption that the effects of irrigation diversions in the Yakima, and
similar projects mentioned above, should instead be attributed to the UPA, there would be an
additional reduction in flows in the lower Columbia River and estuary from approximately mid-
April through mid-October associated with water stored and/or diverted by these projects for
irrigation. The largest such additional reduction would be attributed to the Yakima Project,
which diverts approximately 2 Maf. The actual amount of the flow reduction would depend upon
irrigation water returns to the Yakima River and its timing over the irrigation season. All other
similar projects divert much smaller volumes of water for irrigation. See the 1999 FCRPS
Biological Assessment, Appendix A.

It is likely that most of the depletions would occur during the summer, and therefore, the primary
species affected would be juvenile SR fall chinook migrating through the lower Columbia River.
While the actual depletion associated with the 2 Maf diversion is unknown, if it is near 2 Maf,
then the effect on flow could be significant (i.e., 11 kefs higher flows if the water is released over
90 summer days in the reference operation). Although modeling analyses have not been
conducted, it is likely that this difference in summer flow rate between the reference and
proposed operation could result in lower in-river survival under the proposed operation.
However, as described in Section 6.4, most SR fall chinook would be collected and transported
in barges under the proposed action. Thus few juvenile fall chinook would be exposed to the
change in flows in the lower Columbia River, and the conclusions reached in that section would
be unchanged.

Return flows from agricultural lands served by USBR irrigation projects can result in elevated
water temperatures and can also carry an array of agricultural chemicals, some of which have
been found to adversely affect anadromous salmonids. Agricultural wastewater returns to the
Columbia River via several routes: shallow groundwater flows; effluent from aquifers subject to
agricultural wastewater infiltration; and surface flows (i.e. agricultural wasteways). A monitoring
program is underway to identify the water quality characteristics of wasteway returns from lands
served by USBR’s projects and USBR proposes to continue that effort. Waters from selected
sections of the Columbia Basin Projects irrigation wasteways have been sampled and analyzed

? The USBR Montana projects include the Bitterroot, Big Flat Unit of the Missoula Valley and Frenchtown
projects. All are projects that are located in areas blocked from salmon above Chief Joseph Dam.
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by the USBR in conjunction with the USGS. The purpose of these efforts is to characterize the
quality of the irrigation wasteway waters returning to the mainstem Columbia River above Priest
Rapids Dam. If it is determined that water quality has been degraded by USBR-related
agricultural practices, then the biological effects will be evaluated and appropriate corrective
actions undertaken to protect listed stocks.

Several compounds of concern were detected in the water samples. However, the biological
effects of the findings have not been evaluated. The effects of these constituents on salmonids
are not fully known. Potential effects may include mortality, growth defects, migration
interference, behavioral abnormalities, physiological responses, immunosuppression, and
reproductive failures.

In addition to the mainstem effects of the 19 USBR projects, the total project effects include
additional effects for those projects located in tributaries that are occupied by listed salmonids.
Those additional effects occur in the tributaries where those projects are located. A list of such
projects is found in Appendix B, page B-3 and B-4, to the UPA. NOAA Fisheries and USBR are
taking a tiered consultation approach to the total effects of this subset of its 19 projects covered
by this Opinion. This is the same approach called for by the RPA of the 2000 FCRPS Biological
Opinion. The current Opinion considers the effects of these projects as they are manifested in the
mainstem and estuarine portions of the action area. This would include any extent to which the
effects occurring in the tributaries are manifested in the mainstem and estuary. To consider the
localized tributary effects, NOAA Fisheries and USBR are conducting additional consultation
analyses that will tier from and supplement this Opinion. For example, NOAA Fisheries
completed a supplemental biological opinion for the Umatilla Irrigation Project dated April 23,
2004, in which these tributary effects are analyzed. The UPA, Appendix B, includes the
commitment to pursue more detailed analysis for each of the remaining USBR projects with
localized tributary effects. Supplemental consultations, in addition to consultation completed for
the Umatilla Project, have been completed, are now under way, or are scheduled to begin for
each of the USBR projects with tributary effects.

6.2.1.2 John Day Reservoir Elevation

The proposed action will raise the elevation of the John Day pool by roughly 5 to 7 feet from
minimum operating pool (MOP) to the minimum elevation required for irrigation withdrawals.
Compared to the reference operation, this operation results in roughly a 15% increase in water
particle travel time through the reservoir and an increase of approximately 3800 to 4500 acres in
available shallow-water rearing habitat within the John Day Reservoir (Ruff and Ross 2004).
Ocean-type SR fall chinook rear primarily in lower Snake River reservoirs, particularly Lower
Granite pool, and these fish have migration rates similar to spring migrants through the lower
Columbia River during the summer months. Connor et al. (2004) state it is unknown presently
which mainstem reservoirs are used by reservoir-type SR fall chinook for rearing purposes, the
extent of that use, or the passage timing of this life history. Thus, to the extent that this operation
is expected to have an impact on the rearing habitat for SR fall juvenile chinook in this area,
which has already been significantly modified from riverine conditions by the existence of John
Day Dam and Reservoir, it is likely to be beneficial. Quantitative estimates of the degree to
which the increased pool elevation increases juvenile migration time and survival of ESUs
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migrating through John Day Reservoir are incorporated into the in-river and system survival
estimates for migrating juveniles of several ESUs. These survival estimates are presented in
subsequent sections of this chapter.

6.2.1.3 Spill

Compared to the reference operation, the proposed hydro operation contains less spill at some
FCRPS mainstem dams. The reduction in spill is particularly noteworthy during the spring
migration period at Little Goose, McNary, and John Day dams, all of which currently operate to
a 12-hour spill operation for fish passage in the proposed action, compared to 24-hour spill in the
reference operation. Spill primarily affects the ability of juvenile migrants to safely pass dams,
which function as partial barriers to migration and can also result in migration delays. Spill is
generally acknowledged as the safest route of dam passage (Ferguson et al. 2004). The degree to
which this affects safe passage is informed by quantitative survival estimates presented later in
this section. However, increases in spill efficiency through the installation and use of forebay
guidance devices or removable spillway weirs, as proposed in the intermediate and long-term
hydro operations, would be expected to diminish the overall impacts of UPA spill relative to the
reference operation.

6.2.1.4 Juvenile Fish Transportation Operations

The Action Agencies’ proposed action for transportation calls for the following measures in the
spring at lower Snake River collector dams of spring migrants.

In years when the seasonal average Snake River flow at Lower Granite is expected to be less
than 70 kcfs, maximum collection and transportation will occur at the three Snake River
collector dams from the date the juvenile bypass systems begin operation. Consistent with
current practices, no transportation would be provided in the spring from McNary Dam on the
Columbia River. Due to the mixed benefits of early season transport, however, collection for
transport will not be initiated until April 20 in those years where average seasonal flows are
expected to equal or exceed 70 kefs. Prior to April 20, all collected fish will be bypassed back to
the river. In those years where flows are anticipated to be between 70 and 85 kefs, spill will be
provided at the collector projects until April 20. Further investigations into spill patterns (e.g.,
large gate openings/bulk spill) that provide optimum spillway survival conditions in these lower
flow conditions will be coordinated through the Corps’ Fish Facility Design Review Work
Group (FFDRWG) process. Neither the proposed action nor the reference operation called for
transportation at McNary Dam in the spring.

The Action Agencies’ proposed action transportation protocol at the three lower Snake River
collector projects for spring juvenile migrants is as follows:

<70 Kkefs 70-85 kefs > 85 kefs
Transport Maximize Initiate Collection April 20 Initiate Collection April 20
Bypass None Bypass Through April 19 Bypass Through April 19
Spill None Spill Through April 20 Spill Through June 20
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It was assumed that summer transport operations under both the proposed hydro operation and
the reference operation would be the same as defined in the 2000 Biological Opinion, i.e., no
spill at collector projects and all collected fish to be transported from Lower Granite, Little
Goose, Lower Monumental, and McNary dams.

Thus, for both operations, the summer transportation protocol for juvenile SR fall chinook
salmon calls for the following actions:

o All fish collected at three Snake River collector dams and McNary Dam will be
transported.

e Spill will not be provided during the summer period at the Snake River collector dams
and McNary in order to maximize the number of fish collected and transported.

e Spill will be provided at non-collector dams, including Ice Harbor, John Day, The
Dalles and Bonneville, on a 24-hour basis from approximately June 21 through
August 31 for fish passage, but at different levels at some dams (Tables D.5 and D.6).

For the summer transport operations in the reference operation, NOAA Fisheries determined to
continue the same transport operation as called for in the 2000 Biological Opinion. This is based
on Williams et al. (2004), which states that “no empirical evidence exists to suggest that
transportation either harms or helps fall chinook salmon.” Thus, it is uncertain whether transport
provides a benefit or a detriment for SR fall chinook.

Given the uncertainty surrounding the effects of transportation for summer migrants, NOAA
Fisheries exercised its best professional judgment in order to include transportation in the
reference operation. A significant consideration is that, for the past several years since the 2000
Biological Opinion, the region has experienced above-average adult returns of SR fall chinook
under a strategy that maximizes transportation of juvenile SR fall chinook during the summer
months. Without better information, a change to a strategy of leaving more fish in the river could
either further improve or instead reduce the level of adult returns. The risk of a reduction in adult
returns associated with leaving more fish in the river is less acceptable than the risk of failing to
achieve even higher adult returns than the record numbers observed during the past four years.

Therefore, for the reference operation, NOAA Fisheries’ transport strategy will be to use the
same approach identified in the 2000 Biological Opinion, i.e., to maximize juvenile fish
collection and transportation due to concerns about low in-river survival rates. However, given
the absence of empirical information on the benefits of transportation for this stock, the Action
Agencies’ proposal to initiate an in-river survival and summer transport evaluation in the Snake
River by 2007/2008 is an important component of this strategy.

Higher summer flows provided under the reference operation are intended to help move juvenile
fish to the Snake River collector projects in a timely manner, as well as to improve in-river
survival rates for those fish not transported (Williams et al. 2004). Even with the higher flows
provided in the reference operation, average summer flows are often below the biological flow
objectives (the Snake River flow objective is only met 10% of the time in the reference
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operation), and water temperatures can exceed the 20° C State of Washington water temperature
standard in portions of the lower Snake River. Thus, under this transport strategy, fish spill
continues to be curtailed at the four transport projects, and all collected fish are transported
during the summer to try to improve overall juvenile fish survival. For those relatively few fish
that remain in-river to migrate on their own, higher flows and 24-hour spill at each non-collector
dam are provided in the reference operation to maximize in-river survival to below Bonneville
Dam.

The spring Snake River transportation operations specified in the final proposed action differs
from the reference operation in several minor ways. An understanding that both operations
considered three tiers of flow thresholds helps clarify the differences between the proposed
action and reference operations. The three flow conditions considered when spring seasonal
average flows at Lower Granite Dam were: 1) less than 70 kcfs, which represent approximately
the lowest 15% of flow years, 2) between 70 kcfs and 85 kcfs, which represent approximately the
lower 15 —25% of flow years, and, 3) greater than 85 kcfs.

Reference operation transportation protocol at lower Snake River collector projects for spring
juvenile migrants is as follows:

<70 kefs 70-85 kcfs > 85 kefs
Transport  Maximize  Initiate Collection April 1 Initiate Collection April 1
Bypass None None None
Spill None Spill Through May 1 Spill Through June 20

There is no difference between the reference and proposed action transport operations when
spring seasonal flows are projected to average less than 70 kcfs. During these low-flow years,
both operations call for maximizing fish collection and transportation. This is accomplished by
providing no spill, and transporting all fish collected as soon as the collection facilities are made
operational in the spring. This typically occurs in late March to early April.

When average spring flows are projected to be between 70 and 85 kcfs in the Snake River, the
proposed and reference operation differ in the manner in which collected fish are managed and
the duration for which spill is provided. Both operations call for spill early in the season, but
change to a maximum transport operation after a specified date. The proposed action calls for
returning all fish collected back to the river through April 19, and stopping spill at collector
projects on April 20, thus adopting a maximum transportation operation beginning April 20. The
reference operation called for transporting all fish collected beginning in March, and providing
spill until May 1, after which spill stops, thus maximizing transportation beginning May 1.

When spring seasonal flows are projected to exceed 85 kcfs on a seasonal average basis, the
proposed action and reference operation differed only in how collected fish were managed
through April 19. The proposed action calls for returning all fish collected back to the river
through April 19, and beginning to transport fish on April 20. The reference operation called for
transporting all fish collected from the date when the collection facilities became operational.
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Both operations incorporated recent empirical information which indicates there is typically no
consistent benefit provided from transportation through much of April (Williams et al. 2004,
Anderson et al. 2004). Both operations also maximized transportation during low-flow years
because of the poor survival observed for in-river juvenile migrants, particularly steelhead,
during low-flow years. The April 20 transport date selected for the proposed action reflected
concerns about in-river survival data for steelhead, which indicated that in 1999, the only wild
steelhead to return in any numbers were those that were transported in April. Thus, the reference
operation may understate the value of transport for some stocks at some times.

The Action Agencies also proposed improving transport operations by adding more barges. The
theoretical value of increasing the number of barges results from lower holding densities during
transport operations and the potential for added flexibility in the barging schedule, which would
facilitate the release of fish in areas where they could be less prone to predation. Furthermore,
new barges could theoretically improve the survival of barged fish and increase the value of “D”
by several percentage points. Research is planned to evaluate any potential operational or
survival benefits that new barges may provide.

6.2.2 Effect of Proposed Hydro Operations on Juvenile and Adult Mainstem
Reach Survival

6.2.2.1 Effects of the Proposed Hydro Operation on Juvenile Salmon and Steelhead

NOAA Fisheries’ modeling results indicate that both the proposed near-term (2004) and
intermediate-term (2010) hydro operation and system configurations are estimated to reduce in-
river and system survival for several ESUs, compared to survival estimated to occur under the
reference operation (Tables 6.5 and 6.7; Appendix D). For other ESUs, there is not a significant
difference in survival between the proposed 2004 hydro operation and the reference operation.
However, modeling results also indicate that the proposed long-term (2014) hydro operation,
with expected survival improvements, is estimated to either reduce or close the survival gaps for
all ESUs when compared to survival estimated under the reference operation (Tables 6.6 and 6.8;
Appendix D). As described in Appendix D, the range of estimated survival results reflects
variation in 8 recent years (for SR fall chinook) or 10 recent years of study (for spring chinook
and steelhead ESUs). That variation is caused both by environmental variability (extreme low
runoff in 1994 and 2001, compared with moderate to high runoff in other years) and the
differential survival of fish under similar runoff conditions in different years, as determined by
empirical survival estimates (Williams ez al. 2004).

Additional effects of the proposed action on juveniles are described for individual ESUs in
Sections 6.3 through 6.14.

6.2.2.2 Effects of the Proposed Hydro Operation on Adult Salmon and Steelhead
Adult salmon and steelhead must pass up to eight mainstem dams and reservoirs to reach their
natal spawning streams and river reaches. Each FCRPS project within currently occupied

habitats imposes stresses on migrating adults. Those project-induced effects most likely to
adversely affect adult survival are: delay and delay-induced predation, water quality changes

Effects of the Proposed Action 6-19 November 30, 2004



Biological Opinion on Remand

(e.g., total dissolved gas concentrations and water temperatures), and fallback and volitional
downstream passage (e.g., kelts).

NOAA Fisheries has estimated the recent survival rates of adult anadromous fish passing
through the FCRPS (Table 6.4).” System passage survival estimates shown in Table 6.4 include
all unknown causes of adult mortality. Efforts have been made to exclude fish mortalities for
reasons not associated with the FCRPS. Fish that turn off into tributaries or are captured in a
fishery are not included in the estimate. However, fish injured or infected prior to entering the
FCRPS are included. Also, the sampling technique itself, including anesthesia and the insertion
of radio-telemetry gear into body cavities, may also cause mortalities that occur following
passage of Bonneville Dam. Those mortalities would be incorrectly attributed to dam passage in
Table 6.4, but given the high rate of adult survival, non-dam-caused mortality does not appear to
be a significant component of the calculation. To determine the likely effect of the proposed
action, we investigated those differences in conditions between the reference operation and the
proposed hydro operation that might affect adult survival.

Table 6.4. Estimated minimum adult survival and unaccounted loss from 1996 - 1998 and 2000 - 2002
through the FCRPS (Bonneville Dam tailrace to Lower Granite or McNary dams). Source: Appendix D.

Mean
Unaccounted Minimum Number of Per Project
ESU Loss Mean Survival Dams Passed Survival
Chinook Salmon
SR spring/summer chinook 0.154 0.846 8 0.979
(.064 - 250) (.750 - .936)
SR fall chinook 0.153 0.847 8 0.980
(.077 - 200) (.800 - .923)
UCR spring chinook 0.080 0.920 4 0.979
(.065 - .089) (911 - .935)
LCR spring chinook 0.035 0.965 1 0.965
(none) (none)
LCR fall chinook 0.020 0.980 1 0.980
(none) (none)
Steelhead
SR steelhead 0.168 0.833 8 0.977
(.101 - 250) (.750 - .899)
UCR steelhead 0.059 0.941 4 0.985
(.039 - .078) (922 - .961)
MCR steelhead 0.067 0.933 3 0.977
(none) (none)
LCR steelhead 0.026 0.974 1 0.974
(none) (none)
LCR coho 0.020 0.980 1 0.980
(none) (none)
SR sockeye salmon 0.169 0.831 8 0.977
(none) (none)

3 A discussion of the data and methods used to make these estimates is provided in Appendix D, and key
assumptions are summarized in Section 5.2.2.3.1.1.
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6.2.2.2.1 Delay and Delay-induced Predation. To pass each dam, adult fish must successfully
locate and ascend the project fish ladder(s). The ability to successfully pass each dam has been
found to be affected by project configuration and various operating characteristics, principally
attraction flow rates, project spill patterns, and powerhouse discharge patterns. However, Bjornn
et al. (2000) estimated that the median time to transit the lower Snake River in 1993 was the
same or less with dams than it would be without dams, suggesting that adult passage timing is
relatively unaffected by the FCRPS. This is due to the faster transit times through project
reservoirs than would occur in the natural river.

High rates of spill have been found to delay project passage. The spill rates that cause a notable
increase in delay are those associated with involuntary spill, an unavoidable consequence of dam
existence. It is unlikely that any of the configuration and operation changes considered in the
reference operation would substantially reduce adult passage delay. The additional daytime spill
considered under the reference operation could result in a slight increase in the delay of
migrating adults. The effect of a small increase in delay on adult survival or spawning success is
unknown. Changes in project configuration and operation under the proposed hydro operation
would also be unlikely to change adult passage delay. Under the proposed action, any passage
delay problems identified by ongoing monitoring and evaluation would be addressed through the
Regional Forum.

Pinnipeds (seals and sea lions) protected under the Marine Mammal Protection Act of 1972 have
been increasing in recent years in the vicinity of Bonneville Dam, feeding primarily on spring
chinook salmon. The number of pinnipeds, primarily California sea lions (Zalophus
californianus), observed each year from 2002-2004 has increased to 30, 106, and 101,
respectively. The estimated percentage of the spring chinook run consumed has also increased
each year to 0.3%, 1.1%, and 2.0%, respectively (Stansell 2004). NOAA Fisheries and the
Action Agencies are concerned about the recent growth in pinniped predation near Bonneville
Dam and the potential impact this source of mortality places on species recovery. Under the
proposed action, pinniped predation would be monitored and managed as appropriate.

A reviewer of the September 9, 2004 draft of this Opinion noted that the Opinion should include
provisions based on future re-authorization of the Marine Mammal Protection Act, which would
allow harvest of pinnipeds by certain groups and therefore reduce pinniped predation on listed
salmon. Such provisions may be considered through the reauthorization process of that Act.
However, until then, nothing specific regarding this method of management can be considered.
NOAA Fisheries does agree that management options are needed to help reduce the impact of
pinnipeds in the tailrace of Bonneville Dam, but the presence of these animals at this location is
probably due more to the presence of the dam than its operation.

6.2.2.2.2 Water Quality Effects on Adult Passage Survival. Migrating adult salmon require river
flows of sufficient quality to reach spawning grounds and spawn successfully. Specific ranges of
the water quality components (i.e., water temperature, turbidity, and total dissolved gas) are
needed for successful migration. The preferred temperature range for migrating adult salmon is

7 to 14.5° C, with upper and lower lethal limits of 0 and 25° C (Bell 1991). High concentrations
of dissolved solids can irritate or suffocate salmon. Total dissolved gas concentrations (TDG)
higher than 125% of saturation concentration due to high spill levels can impair and reduce adult
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survival (Ferguson et al. 2004). Biological requirements are the same for all ESUs migrating in
the mainstem Columbia and Snake rivers.

Water temperatures as high as 23° C have been noted in localized surface water areas in the
FCRPS, but summer surface (depth < 15 feet) water temperatures generally do not exceed 22° C
(DART, U. Wash.). High water temperatures cause metabolic stress in adult salmon and increase
the virulence of disease vectors. Higher spring and summer flow rates that would occur under the
reference operation could reduce the maximum water temperatures in the system. The scale of
that effect and the associated improvement in adult fish survival and spawning success is
unknown. Under the proposed hydro operation, water temperatures would be very similar to
those recently observed.

Turbidity extremes that can impair the survival of adult salmon generally do not occur in the
mainstem Columbia and lower Snake rivers in the FCRPS.

Under the proposed hydro operation, voluntary spill for juvenile fish passage would continue to
be managed to produce no more than 120% TDG below the dams. At this TDG level, no signs of
gas bubble disease have been noted, and the adult anadromous fish survival effects are
considered benign.

6.2.2.2.3 Fallback and Volitional Downstream Passage. Fallback refers to adult fish that pass a
dam and then are entrained in the spillway, navigation lock, or powerhouse intakes and pass back
through the dam. Fallback of adult spring/summer chinook passing dams during spill has been
found to reduce the number of fish that passed between tops of ladders at Bonneville Dam and
Lower Granite or Priest Rapids dams (after adjustments for harvest). Fallback (at Bonneville and
Ice Harbor dams) of steelhead similarly has been found to reduce escapement (Keefer and Peery
2004). During 1996-2002, escapement, on average, was lower for fallback fish by 6.5% for
spring/summer chinook (P<0.05), 19.5% for fall chinook (P<0.005), and 13.2% for steelhead
(P<0.005) (Keefer et al. 2004). Multiplying the percent of reduction in escapement for fish that
fall back times the percent of fish that actually fallback provides an estimate of the reduction in
overall system escapement (e.g., steelhead: 13.2% lower escapement for fallback fish * 21.4%
fish that fell back = 2.82% reduction in escapement). Accordingly, reductions in overall run
escapements were estimated at 1.30% (range=0.46-2.27%), 2.26% (range=1.32-2.91%) and
2.84% (range=1.34-4.02%) for spring/summer chinook, fall chinook, and steelhead, respectively.

However, system-wide adult passage information showed no significant difference in
spring/summer chinook and steelhead escapement due to fallback during spill (approximately
30-50 kefs) and no spill periods in 2001 (Keefer and Peery 2004). Escapements of adult
steelhead from Bonneville to Lower Granite Dam adjusted for harvest in 2000, 2001, and 2002
were very similar (87.6, 85.2 and 85.6%), even though 2001 had very little spill at dams
compared with 2000 and 2002. No differences (P<0.05) in escapement were found for fallback
of spring/summer and fall chinook with and without spill for all years (1996-2002) pooled
(Keefer et al. 2004). These similar escapements with and without spill may be due to so few fish
falling back during non-spill periods. One reviewer of the September 9, 2004 draft of this
Opinion indicated that fallback of adult fish during no-spill periods would result in low survival.
Based on Keefer and Peery (2004), as stated above, no differences in escapement were detected
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in comparisons of 2001 spill and no-spill periods for spring/summer chinook and steelhead, or
for all years combined for spring/summer and fall chinook. Further, with all years combined,
steelhead escapement was significantly higher (P=0.002) during no spill at John Day Dam and
marginally higher (P=0.056) during no spill at Bonneville Dam.

Because more fish fall back during spill but fish escapement is similar for spill and no-spill
conditions, it appears total adult survival in the hydrosystem is similar for spill and no spill
conditions. Thus, the addition of daytime spill at three dams under the reference operation could
result in more fish falling back, but overall adult survival is not expected to decrease. Because
the proposed hydro operation would result in voluntary spill conditions very similar to current
operations, no change in fallback rates is anticipated.

6.2.2.2.4 Kelts. Only recently have studies been conducted to identify kelt (post-spawning,
downstream-migrating adult steelhead) numbers and to investigate downstream passage success
and route-specific passage at dams. Effects of the proposed action are likely to be similar to
effects observed in recent years. Studies conducted since 2000 have shown that over 13,000 kelts
passed John Day Dam, and 83% of the kelts observed at Lower Granite Dam were females. For
fish tagged and released at Lower Granite Dam, 3.8%, 13.3%, and 34.4% were detected below
Bonneville Dam in 2001, 2002, and 2003, respectively (Boggs and Peery 2004). Migration rates
in 2003 were positively correlated with river flow (P<0.0001, R*= 0.63). Conditions that
provided the 34% survival to below Bonneville Dam include spill at dams in accordance with the
2000 Biological Opinion and a very large freshet in late May/early June when kelts were
migrating.

Whether or not this impact differs from kelt survival that would be expected under the reference
operation is unknown. Since kelts chose spill and sluiceway routes to pass dams and are known
to migrate faster with higher flows (Boggs and Peery 2004), it is possible that the reduced spill at
three lower Columbia River projects, compared to spill under the reference operation, could
affect the survival of kelts that survive to those projects. If there were a difference in survival, it
would only affect kelts during the initial phase of the proposed action. Installation of removable
spillway weirs or surface bypass as a result of the UPA is anticipated to benefit kelt passage and
survival due to the surface orientation of kelts.

Information regarding repeat spawning rates suggests that little or no difference in survival of
kelts to returning adults would be expected from alternative dam operations. Repeat spawning
rates for Snake River basin steelhead currently, with eight dams in place, average less than 2%
(Ferguson et al. 2004). However, this is approximately the same repeat spawning rate as that
observed when only two dams were in place (Whitt 1954 ), suggesting that factors other than
dam passage have a more significant effect on kelt survival.

6.2.2.2.5 Summary of Adult Effects. NOAA Fisheries does not anticipate any difference in adult
salmon, steelhead, or kelt survival rates between the reference operation and the proposed hydro
operation. High per-project and system survivals indicate biological requirements of upstream-
migrating adult salmon and steelhead generally are being and would continue to be met under the
proposed action. Information is not available to determine whether biological requirements of
kelts are being or would be met under the proposed action. Several of those commenting on the
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draft of this Opinion have indicated that adult passage success through the FCRPS has not been
fully evaluated because spawning success after passage through the FCRPS has not been
included. NOAA Fisheries concurs. Adult passage studies are being conducted and are proposed
to continue under the UPA in order to estimate spawning success after passage through the
FCRPS. Adult passage success through the FCRPS will be further evaluated, based on the results
of these studies.

6.2.2.3 Mainstem Passage Improvements for Juveniles and Adults as a Result of 2000
Biological Opinion Implementation during 2001-2004

Included in the effects of the proposed action are effects of implementing hydro actions since
adoption of the 2000 FCRPS Biological Opinion, which are reviewed below. More detailed
Action Agency progress in implementing the Reasonable and Prudent Alternative (RPA) of the
2000 FCRPS Biological Opinion has been summarized in the 2001, 2002, and 2003 annual
progress reports, as well as within the Action Agencies’ 2003 Check-in Report. Progress in
achieving the performance goals of the 2000 Biological Opinion has already been achieved. Key
achievements since 2000 that are accruing increased juvenile and adult fish survival benefits in
the hydro system over time are summarized below.

e Adult passage survival goals exceeded - Adult Snake River spring/summer chinook,
Snake River fall chinook, and Snake River steelhead have survived passage through the
FCRPS in 2001-2003 at rates exceeding the 2000 Biological Opinion passage goals.
Exceeding the adult survival standard will yield increased juvenile production and
thereby contribute to increased juvenile survival in subsequent years. Other than the
maintenance of adult passage facilities, no further adult passage improvements appear
to be needed to meet the 2000 Opinion’s adult performance standards. However, those
commenting on the September 9, 2004 draft of this Opinion have indicated that adult
passage success through the FCRPS has not been fully evaluated because spawning
success after passage through the FCRPS has not been included. NOAA Fisheries
concurs. Adult passage studies are being conducted to estimate spawning success after
passage through the FCRPS. Adult passage success through the FCRPS will be further
evaluated, based on the results of these studies.

e VarQ flood control operation and Libby December 31 variable draft operations
implemented — VarQ flood control operations at Libby and Hungry Horse reservoirs
have been implemented on an interim basis since 2002 (Hungry Horse) and 2003
(Libby). The variable December 31 draft curves at the Libby project have also been
utilized, beginning in 2004. These operations should increase the probability of
achieving refill at Libby and Hungry Horse reservoirs and thereby improve the ability
to meet the spring and summer flow objectives for listed salmon and steelhead.

e Transmission system constraints to Biological Opinion spill remedied — BPA has begun
construction on the transmission lines called for in the 2000 Biological Opinion.
Transmission system-caused constraints on voluntary fish spill levels will cease to be
an obstacle in the 2004/2005 timeframe.
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e The 2000 Biological Opinion spring and summer spill programs were implemented —
The action agencies have implemented the Biological Opinion spill passage provisions
each year with the exception of 2001 when a regional power emergency (permitted
under the 2000 Biological Opinion) was declared.

e Dworkshak Reservoir has been drafted to provide summer cooling water in the Lower
Snake — Biological Opinion recommendations for summer drafting at Dworshak have
been followed each year since 2000. Heating and filter enhancements at the Dworshak
National Fish Hatchery were completed in 2003, which enables continued cool water
drafting from Dworshak without adverse effects on hatchery production.

e Substantial progress has been made on the development of surface passage
technologies since 2000 - A Removable Spillway Weir (RSW) was built and tested at
Lower Granite in 2002-2003. The Lower Granite RSW has been demonstrated to
enhance in-river fish survival at reduced operational costs. An RSW will be built at Ice
Harbor Dam for use in 2005. Plans for more RSWs at the remaining Snake River dams
and McNary Dam are also being developed. In addition, a corner collector was installed
at Bonneville Dam Second Powerhouse in 2003. Survival tests were conducted in 2004
and more tests are planned in 2005. Depending on the outcome of these tests, the corner
collector technology may be applied at other Columbia River dams. A spill wall and
bulk spill program was developed and tested at The Dalles Dam, and initial survival
tests were encouraging. These efforts have positioned the Action Agencies well to
respond to the growing regional interest in increased reliance on RSW/surface passage
technologies.

e Chum spawning and rearing flows have been provided (below Bonneville Dam) —
Chum spawning operations have been provided each year since 2001 and adult
spawning numbers have increased dramatically each year since 2001.

e Project passage research has been heavily funded since 2000 - Action Agency research
on juvenile passage survival through the hydro system has been heavily funded.
Research funding in 2003 and 2004 has exceeded $30 million. Improved spill
operations were developed at Ice Harbor and Lower Monumental dams. At The Dalles
Dam, research studies led to the development of the bulk spill/spill wall approach on
the northern edge of the spillway. Studies at Bonneville Dam have led to giving
generating priority to the Bonneville 2™ Powerhouse, which has also reduced adult
fallback at the project. Research at John Day and McNary dams is also expected to
reveal methods to improve juvenile passage survival at those projects.

e Operation and maintenance funding has increased substantially since 2000 — O&M
annual funding for fish passage facilities has increased from $31.5 million in 2000 to
$40.1 million in 2003. Examples of O&M projects that enhance juvenile passage
survival are the stilling basin repair at Lower Monumental Dam, the stilling basin repair
at The Dalles, and repairs to spill gate hoists at McNary Dam.
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e Predator control programs have been implemented since 2000 — The Northern
Pikeminnow control program has been implemented each year since 2000. This
program was expanded in 2002 and 2004. Annual reductions in pikeminnow
populations have already substantially reduced smolt predation and will further reduce
losses in future years. Tern predation has been reduced since the 2000 Biological
Opinion. The tern colony at Rice Island was relocated, and an EIS that evaluates long-
term management options is being developed.

6.2.3 Performance Standards, Annual Reports, and Comprehensive
Evaluations

The 2000 Biological Opinion’s RPA included annual reports of progress toward achieving
performance standards, annual plans for implementation during subsequent one- and five-year
periods, and “mid-point evaluations™ in 2003, 2005, and 2008 to ensure that required measures
were implemented and effective. The Action Agencies have modified these processes to reflect
NOAA Fisheries’ new assessment of the effects of the proposed action, the new proposed
implementation schedule, duration of this Opinion, and the updated activities in the Updated
Proposed Action (UPA).

6.2.3.1 Implementation Plans

The Action Agencies propose to continue preparing implementation plans to document the
specific strategies, priorities, actions, measurable targets, and timetables that they intend to meet.
NOAA Fisheries agrees that implementation plans are a useful tool for planning, adaptive
management, and accountability under this Opinion. NOAA Fisheries will review
Implementation Plans each year. As a matter of course, NOAA Fisheries will not issue formal
annual Findings Reports, which are more appropriate when the Action Agencies are
implementing an RPA recommended by NOAA Fisheries rather than their own UPA. However,
NOAA Fisheries will conduct a review and inform the Action Agencies if an Implementation
Plan appears inconsistent with the UPA that was evaluated in this Opinion.

The Action Agencies propose to employ an adaptive management framework for adjusting the
proposed action to respond to new information. To guide this process, especially during
development of the annual Water Management Plan, the Action Agencies propose that any
adjustments to the proposed action described in this Opinion will be in accordance with a hydro
operations performance standard for juvenile survival.

6.2.3.1.1 Hydro Operations Juvenile Performance Standard for Yearly Operations. The hydro
operations performance standard for juvenile survival is to equal or exceed, in any given year,
the level of juvenile survival that would otherwise occur if the specific hydro operations and
system configuration improvements described in the Action Agencies’ UPA were carried out as
described. Estimates of these effects (means and ranges of in-river and system survival) are
displayed in Tables 6.5, 6.6, and 6.7. Because the juvenile survival rate varies annually, the
performance standard, as displayed in Tables 6.5 through 6.7 reflect a range of anticipated
survival rates. This performance standard could be satisfied by alternative hydro operations and
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system configuration changes from those proposed in the UPA, or a combination of alternative
hydro operations, system configuration improvements, and qualifying non-hydro actions.

Some reviewers of the September 9, 2004 draft of this Opinion stated that the Opinion should not
allow for modifications of river operations on an annual basis using “offset actions” and that the
relative merits of the offset actions should not be derived using the SIMPAS model. The
estimated survival benefits of non-hydro actions will not be evaluated using the SIMPAS model.

Other reviewers support provisions allowing for alternative, more efficient hydro operations, but
only if a net positive survival benefit accrues to listed species. For the purpose of meeting this
performance standard, the Action Agencies can only receive credit for (1) non-hydro actions that
are in addition to the non-hydro actions described in the UPA or in the Incidental Take Statement
(Section 10.0), or (2) non-hydro actions described in the UPA or the Incidental Take Statement
(Section 10.0) that result in estimated benefits in excess of those expected or relied upon in this
Opinion, but only to the extent that such benefits exceed the benefits expected or relied upon.

In the case of an Action Agency proposal to implement a different operation than is described in
the UPA, compliance with the hydro operations performance standard will be determined on a
prospective basis using the SIMPAS model and flow-survival relationships as determined by
NOAA Fisheries and as updated using the best available scientific information. The modeling
will be based on expected runoff and passage conditions for the year or years in which the
modified hydro operation would be implemented. One reviewer stated that, since it is difficult to
accurately predict runoff and expected fish passage conditions in the Columbia or Snake rivers
early in the year, any proposed operations that would reduce survival in the FCRPS could have a
larger impact than estimated in the model. In the event that this pre-season modeling, which will
utilize the most current NOAA Northwest River Forecast Center runoff forecasts, predicts that
the alternative hydro operations, plus such non-hydro actions that qualify for crediting, will equal
or exceed the level of juvenile survival that would otherwise occur if the hydro operation in the
UPA were carried out, it would be expected that the hydro operations performance standard for
juvenile survival would be satisfied by the alternative hydro operation and qualifying non-hydro
actions. Actual empirical reach survival data will be used post-season to confirm whether or not
the hydro performance standard was achieved. Plus, subsequent annual planning would consider
previous years” empirical survival performance to ensure adequate progress is being made.*

6.2.3.2 Annual Progress Reports

The Action Agencies propose to continue preparing Progress Reports each year to document the
activities implemented to date, estimates of juvenile and adult survival through the FCRPS, and
progress towards meeting programmatic level performance targets and intermediate milestones
for offsetting actions. The Action Agencies also propose to report on adult abundance and trends
in adult abundance for listed ESUs in the action area. NOAA Fisheries agrees that these reports
will be useful for confirming assumptions applied in the analyses included in this biological

* NOAA Fisheries and the Northwest Power and Conservation Council jointly sponsored a symposium in November
2004 to examine the state of the science regarding the relationship between flow and survival for juvenile summer
migrants. NOAA Fisheries expects the outcome of this symposium to further inform the flow-survival relationships
used in evaluating these alternative actions.
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opinion (Section 6) and for tracking authorized incidental take associated with the proposed
action (Section 10). This information will also be useful for NOAA Fisheries to evaluate whether
new information reveals effects of the action that may affect listed species in a way that was not
previously considered (Section 12).

The Action Agencies propose to include in the Annual Progress Reports post-season evaluations
of juvenile in-river and system survival, based on empirical reach survival estimates. If the
Annual Implementation Plan included pre-season estimates of the expected survival rates
resulting from alternative hydro operations from those in the UPA, the post-season estimates will
be compared with the pre-season estimates. This information will then be available to inform,
and, if necessary, adjust accordingly, the next year’s Annual Implementation Plan.

6.2.3.3 Comprehensive Evaluations in 2007 and 2010

The Action Agencies propose to produce comprehensive evaluations of programmatic progress
in 2007 and again in 2010. These check-in reports will also serve as the annual progress report
for the year in which they are provided. Each comprehensive evaluation will primarily focus
on the following programmatic performance targets to determine whether cumulative
implementation of actions remains consistent with the objectives of the UPA evaluated in this
biological opinion. It is appropriate that these evaluations replace the 2005 and 2008 check-ins
called for in the 2000 Biological Opinion’s RPA in light of the review this biological opinion is
providing, based on the best scientific information available in 2004.

6.2.3.3.1 Hydro Operations Juvenile Performance Standard. The Action Agencies propose a
hydro operations performance standard for juvenile survival that equals or exceeds the levels of
juvenile in-river and system survival displayed in Tables 6.5, 6.6, and 6.7, unless replaced by an
equivalent combination of hydro operations and non-hydro offsets through the Annual
Implementation Plans (see above). This is essentially the same juvenile survival standard that
will be evaluated prospectively for development of the Annual Implementation Plan. However,
for purposes of the comprehensive evaluations, it will be evaluated retrospectively as the mean
and range of recent survival rate estimates.

6.2.3.3.2 Hydro Operations Adult Performance Standard. The Action Agencies propose a
hydro operations performance standard for adult survival that equals or exceeds the level of adult
survival in Table 1 of Attachment 4 of Appendix D of this biological opinion. These are the
updated adult survival levels that have occurred in recent years, both before and after the 2000
biological opinion. Because the level of adult survival is subject to variation, the performance
standard, as displayed in Table 1 of Attachment 4 of Appendix D, reflects a range of anticipated
survival. It will be evaluated as the mean and range of survival rates estimated in the most recent
3-5 year period for the comprehensive evaluations.

6.2.3.3.3 Remaining Difference between Reference Hydro and Proposed Hydro Operations. In
order to avoid the possibility that annual survival differences between the reference operation
and the proposed hydro operation will constitute an appreciable reduction in the likelihood of an
ESU’s survival and recovery, the Action Agencies proposed to compensate for any differences
with a combination of proposed non-hydro offsets. The general magnitude of the expected
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effects of the non-hydro offset program (VL, L, M, H) is defined for each element of the
program in 2004 and 2010 in Table 6.8. For the 2007 comprehensive evaluation, intermediate
values would be expected. To aid in this evaluation, the following information will be reviewed.

Northern Pikeminnow Reduction Program Performance Standard. The Action Agencies propose
an average annual exploitation rate of 14-16% as a programmatic performance standard, as well
as:

e annual effort is consistent with that assumed in the biological opinion

Avian Predation Reduction Performance Standard. The Action Agencies propose:

e annual effort is consistent with that assumed in the biological opinion

Estuary Performance Standard. The Action Agencies propose an estuary performance standard
of:

e completing the specific estuary projects listed under “Estuary Actions” in the UPA, no
later than 2010,

Tributary Performance Standard. The Action Agencies propose a tributary performance standard
of:

e meeting the “cumulative metric goals” described for 2007 and 2010, which are listed
for each relevant ESU in the UPA.

Hatchery Performance Standard. The Action Agencies propose a hatchery performance standard
of:

e effects consistent with assumptions in the biological opinion.
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Table 6.5. Estimated average juvenile and adult survival rates over 1994-2003 water years through the
FCRPS under the 2004 proposed hydro operation and system configuration. These estimates do not
include possible post-Bonneville latent mortality of in-river migrants (Section 6.2.2.1).

Estimated Juvenile
System Survival Rate

Estimated Juvenile In- (including transport Estimated Adult
ESU river Survival Rate latent effects) Survival Rate
SR Spring/Summer 50.2% (38.3% to 57.7%) 51.5% 84.6%
Chinook Salmon® (48.8% to 53.4%) (75.0% to0 93.6%)
SR Fall Chinook Salmon” 14.2%(8.4% to 21.9%) N/A 84.7%
5.7 in-river fish per 1000 (80.0% to 92.3%)
@ LGR pool alive below
BON (2.9-10.7)
UCR Spring Chinook 67.3% N/A 92.0%
Salmon (55.1% to 74.9%) (91.1% to 93.5%)
LCR Chinook:
Gorge Fall MPGs® 86.0% (76.7% to 97.2%) N/A 98.0% (no range avail.)
Gorge Spring MPGs’ 90.0% (85.5% to 93.5%) N/A 96.5% (no range avail.)
Below BON Dam MPGs N/A N/A N/A
UWR Chinook Salmon N/A N/A N/A
SR Steelhead” 30.5% (4.5% to 42.9%) 48.9% (41.4% t0 53.4%) | 83.3% (75.0% to 89.9%)
UCR Steelhead 46.8% (16.2% to 61.6%) N/A 94.1% (92.2% to 96.1%)
MCR Steelhead:”
Passing MCN-BON 46.8% (16.2% to 61.6%) N/A 91.1% (no range avail.)
Passing JDA-BON 55.5% (26.1% to 72.5%) N/A 93.3% (no range avail.)
From JDA Dam-BON 69.6% (39.6% to 88.0%) N/A 93.3% (no range avail.)
Passing TDA-BON 72.4% (41.1% to 91.4%) N/A 95.4% (no range avail.)
Passing BON Dam 83.8% (61.1% to 95.4%) N/A 97.7% (no range avail.)
LCR Steelhead:’
Passing BON Dam 83.8% (61.1% to 95.4%) N/A 97.4% (no range avail.)
Below BON Dam N/A N/A N/A
UWR Steelhead N/A N/A N/A
CR Chum N/A N/A N/A
SR Sockeye N/A N/A 83.1% (no range avail.)
LCR Coho" N/A N/A 98.0% (no range avail.)

> The estimated juvenile survival rates shown in this table for transported ESUs are only for those fish that remain
in-river for their entire juvenile migration and are not transported.
¢ Estimated adult survival rates for LCR chinook salmon are based on per-project survival rate of SR fall chinook.
7 Estimated adult survival rates for LCR (spring) chinook salmon are based on Bjornn et al. 2000.

¥ Estimated adult survival rates for MCR steelhead are based on per-project survival rate of SR steelhead.

? Estimated adult survival rates for LCR steelhead are based on Keefer ef al. 2002.
1 Estimated adult survival rates for LCR coho salmon are based on per-project survival rate of SR fall chinook

salmon.
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Table 6.6. Estimated average juvenile and adult survival rates over 1994-2003 water years through the
FCRPS under the 2010 proposed hydro operation and system configuration. These estimates do not

include possible post-Bonneville latent mortality of in-river migrants (Section 6.2.2.1).

Estimated Juvenile In-

Estimated Juvenile System
Survival Rate (including

Estimated Adult

ESU river Survival Rate transport latent effects) Survival Rate
gﬁﬁg;ﬁggﬁ? 54.1% (41.5% to 62.6%) 52.3% (50.0% to 54.6%) 84.6% (75.0% to 93.6%)
SR Fall Chinook 15.3% (9.0% to 23.6%) N/A 84.7% (80.0% to 92.3%)
Salmon
UCR Spring Chinook 71.9% (59.5% to 79.8%) N/A 92.0% (91.1% to 93.5%)
Salmon
LCR Chinook:
Gorge Fall MPGs" 86.1% (76.8% to 97.3%) N/A 98.0% (no range avail.)
Gorge Spring MPGs' 90.1% (85.6% to 93.5%) N/A 96.5% (no range avail.)
Below BON Dam MPGs N/A N/A N/A
UWR Chinook Salmon N/A N/A N/A
SR Steelhead" 32.9% (4.9% to 46.2%) 49.5% (41.4% to 53.5%) 83.3% (73.0% to 89.9%)
UCR Steelhead 49.9% (17.5% to 65.5%) N/A 94.1% (92.2% t0 96.1%)
MCR Steelhead:"
Passing MCN-BON 49.9% (17.5% to 65.5%) N/A 91.1% (no range avail.)
Passing JDA-BON 57.4% (26.9% to 74.8%) N/A 93.3% (no range avail.)
From JDA Dam-BON 72.0% (40.9% to 90.9%) N/A 93.3% (no range avail.)
Passing TDA-BON 73.8% (41.9% to 93.1%) N/A 95.4% (no range avail.)
Passing BON Dam 84.1% (61.2% to 95.7%) N/A 97.7% (no range avail.)
LCR Steelhead:'®
Passing BON Dam 84.1% (61.2% to 95.7%) N/A 97.4% (no range avail.)
Below BON Dam N/A N/A N/A
UWR Steelhead N/A N/A N/A
CR Chum N/A N/A N/A
SR Sockeye N/A N/A 83.1% (no range avail.)
LCR Coho'” N/A N/A 98.0% (no range avail.)

" The estimated juvenile survival rates shown in this table for transported ESUs are only for those fish that remain
in-river for their entire juvenile migration and are not transported.
'2 The estimated juvenile survival rates shown in this table for transported ESUs are only for those fish that remain
in-river for their entire juvenile migration and are not transported.

1 Estimated adult survival rates for LCR (fall) chinook salmon are based on Bjornn et al. 2000.

' Estimated adult survival rates for LCR (spring) chinook salmon are based on per-project survival rate of SR

spring/summer chinook salmon.

' Estimated adult survival rates for MCR steelhead are based on per-project survival rate of SR steelhead.
' Estimated adult survival rates for LCR steelhead are based on per-project survival rate of SR steelhead.
7 Estimated adult survival rates for LCR coho salmon are based on per-project survival rate of SR fall chinook

salmon.
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Table 6.7 Estimated average juvenile and adult survival rates over 1994-2003 water years through the
FCRPS under the 2014 proposed hydro operation and system configuration. These estimates do not
include possible post-Bonneville latent mortality of in-river migrants (Section 6.2.2.1).

Estimated Juvenile In-

Estimated Juvenile System
Survival Rate (including

Estimated Adult

ESU river Survival Rate latent effects) Survival Rate
SR Spring/Summer
Chinook Salmon' 56.3% (42.6% to 65.4%) 53.1% (51.0% to 55.6%) 84.6% (75.0% to 93.6%
1 V) 0, o
giiiglg%l;nook 16.1% (9.5% to 24.9%) N/A 84.7% (80.0% to 81.3%)
gﬁiosnpmg Chinook 73.5% (60.5% to 82.7%) N/A 92.0% (91.1% to 93.5%)
LCR Chinook:
Gorge Fall MPGs™ 86.1% (76.8% to 97.3%) N/A 98.0% (no range avail.)
Gorge Spring MPGs®' 90.6% (85.7% to 94.3%) N/A 96.5% (no range avail.)
Below BON Dam MPGs N/A N/A N/A
UWR Chinook Salmon N/A N/A N/A
SR Steelhead"” 33.6% (5.0% to 47.2%) 49.5% (41.5% to 53.6%) 83.3% (75.0% to 89.9%)
UCR Steelhead 50.6% (17.6% to 66.4%) N/A 94.1% (92.2% to 96.1%)
MCR Steelhead:*
Passing MCN-BON 50.6% (17.6% to 66.4%) N/A 91.1% (no range avail.)
Passing JDA-BON 58.2% (27.1% to 75.8%) N/A 93.3% (no range avail.)
From JDA Dam-BON 72.9% (41.2% to 92.0%) N/A 93.3% (no range avail.)
Passing TDA-BON 74.7% (42.1% to 94.2%) N/A 95.4% (no range avail.)
Passing BON Dam 84.6% (61.3% to 96.3%) N/A 97.7% (no range avail.)
LCR Steelhead:”
Passing BON Dam 84.6% (61.3% to 96.3%) N/A 97.7% (no range avail.)
Below BON Dam N/A N/A N/A
UWR Steelhead N/A N/A N/A
CR Chum N/A N/A N/A
SR Sockeye N/A N/A 83.1 (no range available)
LCR Coho® N/A N/A 98.0 (no range available)

'® The estimated juvenile survival rates shown in this table for transported ESUs are only for those fish that remain
in-river for their entire juvenile migration and are not transported.
' The estimated juvenile survival rates shown in this table for transported ESUs are only for those fish that remain
in-river for their entire juvenile migration and are not transported.
*% Estimated adult survival rates for LCR (fall) chinook salmon are based on Bjornn et al. 2000.

2! Estimated adult survival rates for LCR (spring) chinook salmon are based on per-project survival rate of SR

spring/summer chinook salmon.

22 Estimated adult survival rates for MCR steelhead are based on per-project survival rate of SR steelhead.
2 Estimated adult survival rates for LCR steelhead are based on per-project survival rate of SR steelhead.
24 Estimated adult survival rates for LCR coho salmon are based on per-project survival rate of SR fall chinook

salmon.
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Table 6.8. Summary of effects of proposed hydro operations and 2004 system configuration on listed ESUs. Relative (proportional) survival
difference expressed as (Proposed - Reference) + Reference.

(-5.8 to -1.6%)

(-2.5 to -0.1%)

juvenile in-river survival estimate,
most likely as a result of less spill.
Little or no difference in water quality
is expected.

Relative Total Relative
Juvenile System Survival
Survival Difference
Relative Juvenile Difference Adult (juvenile system
In-river Survival (including Survival survival and Qualitative Effect
ESU Difference latent effects) Difference | adult survival) Habitat Effects Category
SR Spring/ -7.3% -1.9% None -1.9% Minor or no differences in mainstem Low
Summer (-11.0 to -2.6%) (-4.7 t0 -0.2%) and below-BON estuary and plume
Chinook Salmon habitat are expected, because the
proposed action spring flows are very
Absolute Absolute Absolute similar to the reference operation
Difference: Difference: Difference: flows. Safe passage through barriers is
-3.9% -1.0% -1.0% significantly lower, based on the
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Table 6.8 (continued). Summary of effects of proposed hydro operations and 2004 system configuration on listed ESUs

(-4.3 to -1.4%)

-5700 to -7200
difference in juveniles
per two million arriving
at LGR reservoir

difference in
juveniles below BON
Dam per two million
arriving at LGR
reservoir

Total Relative
Relative Relative Juvenile Survival Difference
Juvenile In- System Survival Adult (juvenile system
river Survival | Difference (including Survival survival and adult Qualitative Effect
ESU Difference latent effects) Difference survival) Habitat Effects Category
SR Fall None Under range of D- Difference in mainstem and Medium
Chinook -8.4%* Under range of D- values: below-BON habitat is
Salmon (-10.9 to - values: expected, because the
5.4%) 2.3 to -3% relative | proposed action summer
to -16.6%** -1.9 to -3.2% relative system survival flows are considerably less
(-24.6 to - system survival difference than the reference operation
7.1%) difference flows. Differences in spill
-3 difference in affect safe passage through
-3 to -4 difference in juveniles below BON | barriers. Possible difference
Absolute juveniles below Dam per 1000 in water quality (increased
Difference: Bonneville per 1000 juveniles arriving at | temperature) due to much
-1.3%* juveniles arriving at LGR reservoir lower flows in the proposed
(-2.4 t0 -0.3%) LGR reservoir action.
to -2.8%** -5800 to -6500

*  In-river survival sensitivity analysis in which pool survival between MCN and BON is assumed equal in both the reference and proposed operations. This sensitivity analysis was conducted in
response to comments because of a lack of empirical reach survival data for SR fall chinook in the lower Columbia River. This difference applies only to the unknown, but small, proportion of the

population that migrates entirely in-river.

*% In-river survival analysis using SR fall chinook empirical reach survival data from the Snake River, extrapolated to the lower Columbia River using methods described in Appendix D. This
difference applies only to the unknown, but small, proportion of the population that migrates entirely in-river.

*%% The SR fall chinook in-river survival gap applies only to the unknown, but small, proportion of the population that migrates entirely in the river. Information regarding the proportion of transported
fish and their survival rate is needed to properly weight the in-river results. As described in Section 5. 2.2.3.1.1, transport survival is unknown, because the post-Bonneville differential survival (D)
is highly uncertain. However, a reasonable range of potential D-values (0.18 - 0.41) was calculated (Appendix D, Attachment 5; summarized in Section 5.2.2.3.1.1) for use in comparing relative

differences between alternative operations.
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Table 6.8 (continued). Summary of effects of proposed hydro operations and 2004 system configuration on listed ESUs

yearlings, same mainstem habitat
effects (minor) as for SR
spring/summer chinook. For
subyearlings, same as or possibly
greater effects than for SR fall
chinook for subyearlings. Reduced
estuarine rearing habitat in summer
for populations with small
subyearling smolts.

Relative Total Relative
Juvenile System Survival
Survival Difference
Relative Juvenile Difference Adult (juvenile syst